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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an oblique 
incidence interferometer for accurately detecting a phase 
difference across a whole face to be measured in a 
simple constitution. 

SOLUTION; This device is provided with a light source 
10G S a separating part 104 for dividing lights from the 
light source 100 into a reference light flux 105 and a 
measurement light flux 106, and for making the 
measurement light flux 108 obliquely incident to a face 
113 to be measured, an interfering part 108 for 
overlapping and interfering a reflected light flux from the 
face 113 to be measured and the reference light flux 
105, and a phase modulating part 109 for modulating the 
phase of the reference light flux 105, 



>>> VV.SNV- 






LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 



http://wwwl9.ipdLncipi.gojp/PAl/result/detail/main/wAAAbiaW .htm 1/23/2007 



JP,2001-004336,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and IHFIT are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The oblique incidence interferometer characterized by having the interference section in 
which lay the light source, the separation section which divides the light from said light source into a 
reference beam bundle and a measuring beam bundle, turns said measuring beam bundle to a measuring 
plane-ed, and is made to put slanting GN, and the reflected light bundle and said reference beam bundle 
from said measuring plane-ed, and it is made to interfere, and the phase modulation section which 
modulates the phase of said reference beam bundle, 

[Claim 2] In an oblique incidence interferometer according to claim 1 said phase modulation section It 
has the parallel monotonous member arranged in the optical path of said reference beam bundle, and a 
mechanical component. Said parallel monotonous member in order that it may consist of rust form prism 
which carried out contiguity arrangement of the slant faces and which goes away two and said 
mechanical component may change the thickness of said parallel monotonous member, it is the oblique 
incidence interferometer characterized by moving the rust form prism which goes away along said slant 
face one side at least, 

[Claim 3] The detecting element which detects the reinforcement of the interference fringe of the 
interference light which said interference section made interfere in an oblique incidence interferometer 
according to claim 1, It has the processing section which incorporates the reinforcement which said 
detecting element detected and searches for the configuration of a measuring plane-ed. Said processing 
section The oblique incidence interferometer characterized by controlling the amount of phase 
modulations which said phase modulation section modulates, incorporating the reinforcement of the 
interference light corresponding to said amount of phase modulations, and searching for the 
configuration of a measuring plane-ed by the striped scanning method, 

[Claim 4] It is the oblique incidence interferometer characterized by amending the configuration of said 
measuring plane-ed for which it asked with the wave aberration data of said phase-modulation 
component which measured said processing section beforehand in the oblique incidence interferometer 
according to claim 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the oblique incidence interferometer which measures 
the field configuration of a plane substrate by irradiating a measuring beam-ed by oblique incidence to a 
measuring plane-ed, 
[0002] 

[Description of the Prior Art] Before, the oblique incidence interferometer is widely used for profile 
irregularity measurement of a large-scale flat-surface glass substrate, a silicon wafer photo mask, a 
magnetic disk, etc. The optica! system using a rectangular prism as optical system of an oblique 
incidence interferometer and the optical system using a diffraction grating are known especiallv well. 
The optical system of the oblique incidence interferometer using a diffraction grating is briefly explained 
using drawing 3 . 

[0003] With the configuration of drawing .3 , incidence of the collimated flux of light which was emitted 
from the light source (un-illustrating) with a coherency is carried out to the 1st diffraction grating 10 in 
which the grid was formed so that it may deviate to the space inboard of drawing 3 , and it is divided 
into the flux of light 1 1 of the zero-order diffracted light, and the flux of light 12 of the primary 
diffracted light. After the measuring plane 13-ed irradiates as a measuring beam bundle and the 
configuration of the measuring plane 13-ed becomes irregular, incidence of the flux of light 12 of the 
primary diffracted light is carried out to the 2nd diffraction grating 14. On the other hand, incidence of 
the flux of light 1 1 of the zero-order diffracted light is directly carried out to the 2nd diffraction grating 
14 as a reference beam bundle, The grid pattern of the 2nd diffraction grating 14 is the same grid pattern 
as the 1st diffraction grating 10, and it is formed so that the grid pattern of the 1st diffraction grating 10 
may moreover be faced, By diffracting by the 2nd diffraction grating 14, the flux of light 1 1 of the zero- 
order diffracted light and the flux of light 12 of the primary diffracted light are piled up on an optical 
path with the 2 same flux of lights 1 1 and 32, and the two flux of lights 1 1 and flux of lights 12 interfere 
in them by this, and they turn into the interference light bundle 15. By carrying out image formation of 
this interference light bundle 15 on a screen 17 according to the image formation optical system 31, an 
interference fringe can be observed on a screen 17. 

[0004] In such an oblique incidence interferometer of a configuration, when the incident angle to the 
measuring plane 1 3-ed of the measuring beam bundle 12 is set to theta and the irregularity of height 
deltad is in the measuring plane 13-ed, compared with the case where there is no irregularity, the phase 
contrast of 2pi(2deltadcostheta)/lambda arises. On the other hand, in the Fizeau interferometer of the 
usual vertical incidence, since it becomes the phase contrast of 2pi(2deltad)/lambda, it will be said that 
oblique incidence interference tends to measure big irregularity. On the contrary, it is disadvantageous 
when it is going to measure small irregularity with high precision. 

[0005] Therefore, raising the accuracy of measurement of an oblique incidence interferometer is 
proposed by applying the striped scanning method well applied to the Fizeau interferometer or the 
Twyman Green interferometer to an oblique incidence interferometer, For example, the oblique 
incidence interferometer indicated by JP,4-221704,A attaches an actuator 41 in the bottom of a device 
under test 13 like drawing 4 , and when only the amount of arbitration moves a device under test 13, it 
gives a phase modulation to the measuring beam bundle 12, Thus, when the phase contrast of arbitration 
is given between a reference beam bundle and a measuring beam bundle, the reinforcement of the 
interference light at the time of noting one point of an interference fringe serves as a signal modulated in 
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sine wave according to phase contrast (axis of abscissa) ( d rawin g 5 ). That is, the initial phase of one 
point to which its attention was paid when presupposing that the phase contrast of the given arbitration is 
0, pi / 3pi [ 2pi and 1/2 and setting interference fringe reinforcement corresponding to it to II, 12, 13, and 
14 is phi-tan -1 (12-14) (/(II -13)). 

Since it can ask more, measurement of a subrange is attained. Since it can cross throughout an 
interference fringe and phase contrast can be uniformly given when the whole device under test 1 3 is 
made to go up and down with an actuator 41 like drawin g 4 , the striped scanning method is applied to 
the whole surface, and it becomes possible to carry out subfringe measurement over the whole surface. 
[0006] 

fProblem(s) to be Solved by the Invention] When you are going to make it go up and down the whole 
device under test 13 with an actuator 41 as indicated by above-mentioned JP,4-221 704 3 A, it is necessary 
to make a device under test 13 go up and down correctly covering the whole exposure area. It is because 
this difference will lead to a measurement error as it is if a difference is in the amount of upper and 
lower sides in the both ends of a device under test 13. However, since the area of a device under test 13 
is a large area, the oblique incidence interferometer is quite difficult for making it fluctuate correctly and 
uniformly over the whole surface, For this reason, if it is going to realize the configuration of drawing 4 , 
the very highly precise actuator 41 will be required, and it will be hard to avoid that equipment becomes 
cost quantity. 

[0007] This invention solves the above-mentioned technical problem, though it is an oblique incidence 
interferometer, is an easy configuration and aims at offering the oblique incidence interferometer which 
can detect phase contrast correctly over the whole surface of a measuring plane-ed. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, according to this 
invention, the following oblique incidence interferometers are offered. 

[0009] That is, the light from the light source and said light source is divided into a reference beam 
bundle and a measuring beam bundle, said measuring beam bundle is turned to a measuring plane-ed, 
and it is the oblique incidence interferometer characterized by having the interference section in which 
lay the separation section made to put, and the reflected light bundle and said reference beam bundle 
from said measuring plane-ed, and it is made to interfere, and the phase modulation section which 
modulates the phase of said reference beam bundle slanting ON, 
[0010] 

[Embodiment of the Invention] The gestalt of I operation of this invention is explained using drawing 1 
etc. 

[001 1] The oblique incidence interferometer of the gestalt of this operation is equipped with a laser light 
source 100, and the condenser lens 101 arranged in order on the optical axis, a spatial filter 1 17, a 
collimator lens 2 and the 1st diffraction grating 104. The 1st diffraction grating 104 is arranged in order 
to divide the light from a laser light source 100 into the measuring beam bundle 105 and the reference 
beam bundle 106. The stage 1 07 for carrying a device under test 1 3 3 in the location where the measuring 
beam bundle 106 is irradiated is arranged. The sense is set that the flux of light 106 carries out incidence 
of the stage 107 to a device under test 1 13 from across by the incident angle theta. On the other hand, in 
the middle of the optical path of the reference beam bundle 1 05, the phase modulation component 109 
only for the amount of arbitration to shift the phase of the reference beam bundle 106 is arranged, 
[0012] Pile up the reference beam bundle 105 and the measuring beam bundle 106, the location as for 
which the reference beam bundle 105 which passed the phase modulation component 109 3 and the 
measuring beam bundle 106 reflected by the device under test 1 13 carry out incidence is made to 
interfere in them on the same optical path, and the 2nd diffraction grating 108 for considering as the 
interference light bundle 1 18 is arranged. The grid pattern (a grid cross-section configuration and grid 
pitch) of the 2nd diffraction grating 108 is the same configuration as the grid pattern of the 1st 
diffraction grating 104, and both the direction of this grid pitch and the direction of the grid pitch of the 
1st diffraction grating 1 04 are the directions of [ in the space of drawing 1 ]. On the optical axis with 
which the interference light bundle 1 1 8 advances, a condenser lens 1 12, a spatial filter 1 14, and CCD1 1 5 
are arranged. The computer 1 1 6 for processing image pick-up data is connected to CCD1 1 5. 
[0013] The configuration of the phase modulation component 109 is further explained using drawing 2 . 
The phase modulation component 109 is a configuration which approached and has arranged the slant 
faces of the rust form prism 201 and 202 with which the two same configurations created with the same 
transparent quality of the material to the outgoing radiation light of the light source 100 go away, 
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Approaching, the rust form prism 201 and 202 becomes parallel plate-like [ of thickness t ] please 
arrange, This parallel plate-like wedge shape prism 201 and 202 is inserted into the reference beam 
bundle 1 05 so that an incidence side flat surface and an outgoing radiation side flat surface may become 
perpendicular to the optical axis of the reference beam bundle 105. 

[0014] Moreover, the actuator 203 for carrying out parallel translation along the inclination direction of 
a slant face is attached in the rust form rhythm 201 which goes away one side. If an actuator 203 shifts 
the wedge shape prism 201, since parallel monotonous thickness t will change in connection with this, 
the optical path length of the reference beam bundle 1 05 who passes an parallel plate changes, and the 
reference beam bundle 105 receives a phase modulation. Thereby, the phase modulation according to 
thickness t can be uniformly given to the reference beam bundle 105 whole. The actuator 203 is 
connected to the computer 1 16 and the actuation is controlled. 

[0015] In order that only the amount of modulations of arbitration (for example, pi [ 0pi/2pi and / 
(3pi) ]/2) may make a computer 116 modulate the phase of the reference beam bundle 1 05, the relation 
between the amount of phase modulations and the movement magnitude of the wedge shape prism 201 
is beforehand stored in the memory to build in, A computer 116 reads the movement magnitude of the 
wedge shape prism 201 corresponding to the required amount of modulations, and it is directed to an 
actuator 203 that only this movement magnitude moves the wedge shape prism 201 . 
[0016] Below, the oblique incidence interferometer of the gestalt of this operation explains actuation of 
each part in the case of measuring the shape of surface type of a device under test 113, 
[001 7] It is condensed with a lens 101 and the laser beam emitted from the laser light source 100 is 
removed in disturbance light by passing the spatial filter 1 1 7 in the location of a beam waist. The beam 
which emits from this spatial filter 1 17 is changed into the parallel flux of light 303 by the lens 102. The 
parallel flux of light 103 is divided into the zero-order diffracted light and the primary diffracted light, 
when incidence is carried out to the 1st diffraction grating 104 and this diffracts. The 1st diffraction 
grating 3 04 is optimized so that only the zero-order diffracted light and the primary diffracted light may 
be produced. 

[0018] Among these diffracted lights, as a meawSuring beam bundle 106, after carrying out oblique 
incidence to the measuring plane-ed of a device under test 113 by the incident angle theta and 
modulating a phase according to the configuration of the measuring plane-ed of a device under test 1 13, 
incidence of the primary diffracted light is carried out to the 2nd diffraction grating 108. On the other 
hand, as a reference beam bundle 105, incidence of the zero-order diffracted light is earned out to the 
phase modulation component 109, it penetrates this, and results in the 2nd diffraction grating 108. Since 
the phase modulation component 309 is parallel plate-like [ the rust form prism 201 and 202 which goes 
away two was joined to ] as mentioned above, the whole flux of light receives the phase modulation 
according to monotonous thickness t with it, [ parallel in case the reference beam bundle 105 penetrates 
this ] 

[0019] Since it is formed in the 2nd diffraction grating 108 so that the same pattern as the grid pattern of 
the 1st diffraction grating 104 may become facing each other with the 1st diffraction grating 104, if the 
reference beam bundle 105 and the measuring beam bundle 1 06 carry out incidence to it both will be 
diffracted in the same direction and will pile up on the same optical path. For this reason, it interferes in 
the reference beam bundle 105 and the measuring beam bundle 106. and the interference light bundle 
1 1 8 is acquired. By condensing the interference light bundle 1 1 8 with a condenser lens 5 3 2 5 passing a 
spatial filter 1 14 by this, and carrying out image formation on CCD I 1 5, an interference fringe is formed 
on CCD1 15 and CCD! 3 5 picturizes this interference fringe, 

[0020] A computer 1 16 is incorporated in the memory which builds in the interference fringe image 
which CCD1 15 picturized. At this time, a computer 1 16 is directed to the actuator 203 of the phase- 
modulation component 9, parallel monotonous thickness t is set as the thickness which only 0pi/2pi, and 
(3pi) / 2 make modulate the phase angle of the reference beam bundle 105, respectively, and the 
interference fringe image which CCD1 1 5 picturized each time is captured, The interference fringe image 
of four sheets which gave phase modulations 0pi/2pi, and (3pi) / 2 by this to the reference beam bundle 
105 whole uniformly can be captured. 

[0021] The reinforcement of the interference light of the point (x y) of the arbitration on an interference 
fringe image Since it becomes the signal modulated in sine wave according to the amount of phase 
modulations like drawing 5 , If the amounts 0pi/2pi of phase modulations of the given arbitration and 
interference fringe reinforcement corresponding to (3pi) / 2 are set to II (x y), 12 (x y), 13 (x y), and 14 (x 
y), respectively The initial phase of the point fx y) is phi=tan -1 (I2(x y)-14 (x y)) (/(II (x y)-I3 (x y))). 
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It is expressed with a ** type, A computer 1 16 asks for an initial phase phi by asking for reinforcement 
II (x y), 12 (x y), 13 (x y), and 14 (x y), and substituting it for an upper type about the point (x y) that the 
captured interference fringe image of four sheets corresponds. By asking for this initial phase phi about 
each point on an interference fringe image, the shape of surface type of a device under test 1 1 3 is 
searched for. Thus, the shape of surface type of a device under test 1 13 is measurable in the oblique 
incidence interferometer of the gestalt of this operation with high precision by the striped scanning 
method by arranging the phase modulation component 1 09 in the middle of the reference beam bundle 
105, and giving a phase modulation to the reference beam bundle 105. At this time, since the cross 
section of the reference beam bundle 105 is smal ler than the exposure area of the measuring beam 
bundle 1 06 to a device under test 113, it can cany out the phase modulation of the reference beam 
bundle 105 whole with high precision with an easy configuration as compared with the case where the 
phase modulation of the measuring beam bundle 106 is carried out. 

[0022] Moreover, since what set the wedge shape prism 201 and 202 is used as a phase modulation 
component 109 in the case of the gestalt of this operation, a phase modulation can be easily given only 
by moving one prism 201 in the direction perpendicular to the optical axis of the reference beam bundle 
105. 

[0023] In addition, with the gestalt of above-mentioned operation, although the premise of being so 
minute that wave aberration being disregarded has explained, the wave front of the reference beam 
bundle 105 which penetrated the phase modulation component 109 can amend the effect of the wave 
aberration produced in the reference beam bundle 105 by the phase modulation component 109 by 
computer 116, when measuring the device under test 113 with large size, or when measuring to high 
degree of accuracy more. This wave aberration originates in refractive-index distribution of the material 
of the rust form prism 201 and 202, the heterogeneity of profile irregularity, etc, which go away phase 
modulation component 109= Then, in order to amend the effect of wave aberration, the transmitted wave 
profile irregularity data of the phase-modulation component 109 are beforehand measured with another 
interferometer. And the configuration of a device under test 1 13 is amended by deducting the wave-front 
precision data of the phase-modulation component 109 from the wave-front data called for from the 
interference fringe image measured with this interferometer. In addition, when using this amendment 
approach, in order to make it in agreement with the x directions of [ at the time of attaching the x 
directions of the phase modulation component 109 at the time of measuring wave aberration with 
another interferometer, and the direction of y in the oblique incidence interferometer of the gestalt of this 
operation ] ? and the direction of y, it is desirable to attach to the prism 201 and 202 of the phase 
modulation component 109 the fiducial marks 204 and 205 which show x directions and the direction of 
y, and to carry out alignment to it by this. 

[0024] In addition, since change of the wave aberration at the time of modulating a phase with the phase 
modulation component 3 09 has the small movement magnitude of wedge shape prism, the accuracy of 
measurement is hardly influenced. 

[0025] Moreover, as an approach of asking for the wave aberration by the phase modulation component 
109, everything but the approach of searching for with another interferometer as mentioned above can 
also be asked with the oblique incidence interferometer of the gestalt of this operation. In this case, the 
authentic sample for which there is no irregularity in a front face, or the location of a device under test 
113 understands the shape of toothing beforehand is arranged, and the shape of toothing of a device 
under test 113 is searched for bv the above-mentioned approach from the obtained interference fringe. 
The wave aberration of the phase modulation component 109 can be obtained from the shape of toothing 
of the cailed-for device under test 1 13 by deducting the configuration of an authentic sample, Therefore, 
at the time of actual measurement, by deducting this wave aberration from measured value, the effect of 
wave aberration can be amended and the configuration of a device under test 1 13 can be searched for 
with high precision, 

[0026] In addition, although what piled up rust form prism 201 and 202 like drawing 2 which goes away 
two as a phase modulation component 109 was used with the gestalt of the above-mentioned 
implementation, it is also possible to use other phase modulation components. For example, what fixed 
spacing of facing each other and the lower pail for the parallel plates 601 and 602 of the same quality of 
the material of two sheets and thickness with the fixture 604, and made upside spacing adjustable with 
the actuator 603 like drawing 6 (a) can be used. With this configuration, the parallel plates 601 and 602 
serve as +theta and arrangement of which -theta inclination is done to the optical axis of the reference 
beam bundle 105, respectively, The optical path of one beam of light of the reference beam bundle 105 
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becomes like drawi ng 6 (b), and since the optical path length (die length between AB(s) and between 
CDs) who passes the parallel plates 601 and 602 with the magnitude of theta changes, a phase 
modulation can be given to the reference beam bundle 105 by making an actuator 603 expand and 
contract and doing deltatheta change of the magnitude of theta, 

[0027] Moreover, prism 202 can be removed from the phase-modulation component 109 of drawing 2 , 
and only the wedge shape prism 201 and an actuator 203 can also be used as a phase-modulation 
component. Since the optical path length who passes a wedge when this configuration also moves an 
actuator 203 at right angles to the optical axis of the reference beam bundle 105 changes, the amount of 
phase modulations according to movement magnitude can be given. In addition, with this configuration, 
since the optical axis of the reference beam bundle 105 after penetrating the wedge shape prism 201 
inclines to the optical axis before transparency, it is necessary to change into the configuration which 
can pile up the reference beam bundle 105 toward which the optical axis inclined the grid pattern of the 
2nd diffraction grating 108, and the measuring beam bundle 106, 

[0028] Moreover, as a phase modulation component 109, thickness can use the plate which is changing 
stair-like, and two or more kinds of parallel plates which thickness 1 understands beforehand, A phase 
can be modulated by inserting these parallel plates into the reference beam bundle 105. 
[0029] Furthermore, it is also possible to use the ingredient from which a refractive index changes with 
electric control as a phase modulation component 109, for example, liquid crystal and an opto 
electronics material. The eel filled up with such an ingredient is arranged in the optical path of the 
reference beam bundle 105, electric field are impressed, and a refractive index is changed by modulating 
electric field. The optical path length of a reference beam bundle who passes this ingredient can be 
changed by this, and a phase modulation can be realized. 

[0030] In addition, although the amount of phase modulations given to the reference beam bundle 105 is 
changed to 0pi/2pi and four steps of (3pi) / 2 and it is asking for the initial phase by count with the 
gestalt of above-mentioned operation based on the striped scanning method Since the oblique incidence 
interferometer of the gestalt of this operation can respond to the approach of searching for with the least 
square method from the data which carried out the phase modulation to the approach of searching for by 
count, or the multistage story etc. from the data made [ five or more steps ] to carry out a phase 
modulation, it can also use other count approaches of the striped scanning method, 
[0031] Moreover, it is desirable to form an antirefiection film in the slant face of the piled~up prism 201 
and prism 202 with the phase modulation component 109 of drawing 2 . 

[0032] In addition, as a device under test 1 13 of the oblique incidence interferometer of the gestalt of 
this operation, a large-scale flat-surface glass substrate, a silicon wafer photo mask, a magnetic disk, etc. 
are the bodies of almost a plane, there is no extreme granularity in a field and the body which has a 
suitable reflection factor is suitable, Usually, if a component to which the diffraction efficiency of the 
primary diffracted light becomes high to the zero-order diffracted light of the 1st diffraction grating 104 
is used since the reflection factor is not high when measuring the flatness of these plane bodies, it is 
possible for the contrast of an interference fringe to go up and to raise the accuracy of measurement 
more. 
[0033] 

[Effect of the Invention] As mentioned above, according to this invention, the oblique incidence 
interferometer which can detect phase contrast correctlv over the whole surface of a measuring plane-ed 
with an easy configuration can be offered. 
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